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1 
Ourinvention concerns a solid bowl centrifugal 
separator for deliquefying fine solid particles. 
One particularly important application of the 
separator is in the coal industry for dewatering 
fine coal diflicult or impossible to adequately de- 
water by draining procedures. 
The trend in the coal industry is toward me- 
chanized full seam mining. With this procedure, 
subsantial quantifies of refuse must be loaded 
wiçh the coal, necessitating cleaning orprepara- 
tion of the coal for marketing aïter if has been 
delivered to the surface. One condition which 
materially increases the diiïiculty of cleaning me- 
chanically mined coal is the presence therein of 
a large proportion of fines of a particle size with- 
in the rarge minus- ¼" to plus 0. It is generally 
considered by preparation engineersthat the dry- 
ing and. recovery of this fine coal constitutes the 
most important problem facing them today. 
The centrifugal separator provided by our in- 
vention effectively solves this problem. The sepa- 
ra.tor is readily integrated in existing coal prep- 
aration schemes, is capable of- processing large 
tonnages, and discharges the coal in' immediately 
marketable form. The physical  condition of the 
cool is such that it does rot ball up under pres- 
sure and discharges freely from bel conveyors. 
Out separator gives a filtrate suiïiciently low in 
solids that it may be continuously returned to the 
process v¢ithout excessive build-up of fines in the 
v¢ater ci.rcUit. Thus if is applicable to installa- 
tïons involving a closed water system. The op- 
ertion, of the separator is entirely automatic and. 
maintenance' costs are low. 
Solicl bovl centrifugal separators heretofore 
proposed for separating .fine solid particles from 
liquidS bave been found uusuited for dewatering 
fine.coal; tending« to become choked. In the case 
0 severl of the separators tested, the ctioking 
was ccompanied by costly.gear failures. Ai best, 
the largest of the lJrlor separators are capable of 
tiandling only about 20 tons of coal per hour and 
even then breakd0wns are frequent. Out separa- 
tor; or:the other hnd is capable of handling up- 
w-rds  of 50 tons of coal per hour and without 
maintenance dlfficulties. 
Generally deScribed, out separator consists of 
an outer rotating member and an inner rotating 
member. The outer member, which, represents 
the bowl portion of the separator, normally has 
the shape of  cylinder or trancated cone or com 
prises both. a cylindrical section and frusto-coni- 
cal section-. The iriner member is a helical con- 
veyor which may or may notbe generally shaped 
to follow he contour of tle bowl,, but Is always 
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of lesser diameter at the solids discharge end of 
the bowl than ai the opposite or feed end there- 
of. In operation, the conveyor is rotated ai a 
slightly different speed than the bowlnormally 
5 ai a lower speed. The feed to the separator is 
introduced through a stationary pipe encased 
within the concentric with a hollow shaft through 
which the bowl is rotated and fiows into the bowl 
proper through ports located in the hub of the 
10 conveyor. The developed centrifugal force com- 
pels the solid particles fo settle and they are 
picked up by the conveyor and Progressively 
worked toward the solids discharge end of the 
bowl. The liquid, after flowing back around the 
15 conveyor, discharges at the feed end of the bowl. 
A predetermined volume of liquid is always re- 
tained in the separatoç and this retention is such 
that adequate clarification is obtained. The sep- 
arator does hot require the use of filter aids or 
.0 filter media such as cloths, screens or the like, the 
separation being achieved entirely by centrifugal 
sedimentation. 
Out separator is particularly distinguished in 
the provision along the inner bowl wall of means 
25 serving to anchor a predetermined depth of the 
particles fo the wall and in the use of a conveyor 
the working surfaces of which possess a degree 
of smoothness precluding substantial adherence 
of the particles thereto. The anchoring means 
3O may, with advantage, take the form of spaced 
strips. The strips may be welded or otherwise 
fixedly secured to the bowl wall or they may be 
formed integral therewith as an incident of the 
casting of the bovl or by grooving. In the latter 
35 instances, the strips are probably more accurately 
termed "ridges." For optimum results the height 
of the strips should be uniform and should cor- 
respod fo the size of the coarsest of the particles 
in the particular slurry being worked. Also, for 
4O optimum results, it is important that the spacing 
between the conveyor and the strips at the points 
of minimum clearance correspond with the size 
of the coarsest particles. 
We shall describe our invention in detail with 
45 the aid of the accompanying drawings illustrating 
preferred embodiments thereof. In the drawgs, 
Fig. 1 is an elevation, mostly in section, of one 
type of centrifugal separator to which out inven- 
tion is applicable, the separator being equipped 
0 according fo the invention; 
Fig. 2 is a detail in elevation of the bowl shown 
in Fig. 1, the upper hall of the bowl being shown 
in section; 
Fig. 3 is a section on the line $--$ of Fig. 2; 
55 . Fig. 4 is a view analogous to the view of Fig. 1 
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but showing a separator having a bowl which is 
cylindrical throughout ifs length; 
Fig. 5 illustrates the invention as applied te a 
separator having a straight conical bowl; and 
Fig. 6 is a section on the line 6--6 of Fig. 5. 
Referring first particularly fo Fig. 1, the ma- 
chine will be seen as compriaing connecting beams 
16 and I ! extending between supports f2 and 
fo the right and leït, respectively. Connected to 
support 12 is a bracket f5 holding a pipe 
through which the feed to the separator is intro- 
duced. Pipe 18 is spaced concentrically within 
the feed end trunnion 17 of the conveyor unit, 
which is generally indicated af f 8, and which 
secured by bolting at ifs opposite end to a second 
trunnion member 
Conveyor unit 18 is disposed within a bowl 
having a straight cylindrical section 2a, a frus- 
to-conical section 28b, and a second cylindrical 
section 28c, of substantially reduced diameter. 
In a typical machine conforming te Fig. 1, sec- 
tion 26b forms an angle with the horizontal of 
19% while an imagina line connecting the tips 
of the blades in section 26c gives a 3 ° angle with 
the line of the inner wall of the section. These 
particular angles are in no way critical with re- 
lation to the present invention, being given by 
way of illustration only. 
Headers 21 and 22 at the right and left end, 
respectively, of the bowl 26 include sleeve por- 
ions 23 and 24, respectively. Sleeve 23, which 
surrounds and is concentric with trunnion 
of the conveyor unit, is received on a bearing 
member 25 mounted on support f2, whfle sleeve 
24, encasing trunnion 19, is received in a like 
bearing member 26 mounted .on support 
Mediate the sleeves and trunnions are annu]ar 
bushings 27 and off seals 28. Each bearing mem- 
ber bas an eye bolt 28, useful during mainte- 
nance work. The bearing members are of the 
conventional ball or roller type and include the 
usual off and dirt flinger rins. 
Secured fo a drive flange 36, bolted te the sleeve 
23 at the end thereof, is a drive sheave 
adapted to receive a multiple V belt, not shown. 
Between the drive sheave and trunnion 17 is a 
radial thrust ball bearing 32 held in place by 
a lock nut 33 and a cap piece 34. 
Going now to the left hand end of the ma- 
chine of Fig. 1, it wfll be seen that conveyor unit 
18, which includes helical blades 36, Properly 
pitched to impel the solids component of the 
feed in the direction indicated by the arrow, is 
driven through a housed gear unit 37, the out- 
put shaft of which is splined to the trunnion f 
Member 38 is a torque device, part of an over- 
load release, which need not be described in de- 
tafl here as itis unrelated to the present inven- 
tion. 
From the foregoing, it will be understood that 
the arrangement is such that the conveyor and 
bowl are separately riven and that they may 
be driven at different rates..One standard ma- 
chine having a 54" bowl (maximum diameter) 
is customarfly operated using a gear ratio of 
35:1, the bowl rotating at 650 1. P. M. and the 
conveyor at approximate]y 631ç R. P. M. or ap- 
proximately 1Sç 1. P. M. slower. These figures, 
of course, are in no way critical; indeed, in some 
installations rotation of the conveyor at a rate 
faster than the rate of rotation of the bowl may 
be indicated. 
Vhat may be termed the rotor of the conveyor 
unit f comprises a cylinrical portion 39 of rela- 
tively greater diameter and ]esser length than a 
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second cylindrical portion 48 which is surrounded 
by the conical section 2@B and the smaller cylin- 
drical section 2c of the bowl 28. Within the 
rotor is a conical baflle 41, which is flxed to the 
5 roter and accordingly rotates therewith. The 
baflle properly distributes the incoming slurry 
radial within the rotor and at the same rime 
serves to minimize attri6ion of the solids compo- 
nent of the feed. 
l0 The conveyor rotor is aperttU'ed around its 
cylindrical portion of larger diameter, each of 
the apertures being provided with an insert 42 
of wear-resistant alloy. In operation, the solids 
comportent of the feed tends to build up around 
15 each insert on the inside of the rotor with the 
result that there is marked]y less wear than is 
the case where the apertures are not provided 
with the inserts. It should be noted that the 
apertures are not in the saine plane but follow a 
20 laterally curving path. 
The conveyor I empties to a solids discharge 
box or champer 43, while the liquid component 
of the feed is co]lected and continuously with- 
drawn from chamber 44 at the opposite end of 
25 the bowl. The liquid level at which such a ma- 
chine is generally operated is indicated by the 
placement of the annular weir . The solids dis- 
charge passes over an annular weir 4. The nu- 
merals 47 and 48 indicate a discharge plow and 
3O a conventional reverse blade, respectively. In- 
spection of this end of the machine during op- 
eration is enab]ed by the provision of a door 48 
in the casing. 
It is an essential and critical feature of the 
35 invention, as previously indicated herein, that 
the areas of the conveyor blades 3 contacting the 
solid particles be of a degree of smoothness pre- 
cluding adherence of the particles thereto. It îs 
also necessary, of course, that these areas be 
40 quite hard in order that they will withstand the 
abrasive action of the particles, ienerally, we 
use blades provided with a hard al]oy facing 56, 
the facing being ground and/or polished te the 
requisite smoothness. The width of the facing 
45 and also the thickness may vary substantially 
depending on the position of the blade and op- 
erating conditions. 
&round the inside of the bowl 2@ and running 
the length thereof are spaced strips l of a 
50 height corresponding approximate]y to the diam- 
eter of the largest of the so]id particles in the 
feed to be charged to the machine. Each of the 
strips is shown (see Figs. 2 and 3 as well as Fig 
1) as constituted of three sections corresponding 
55 to the three sections of the bowl, but this relates 
to the manufacturing of the bowl and is not criti- 
cal, unbroken strips being fully equivalent. The 
strips are preferably generally rectangular-in 
cross section, as shown. Their number may vary 
60 considerab]y but shou]d always be suflicient to 
provide the requisite anchoring of the indicted 
depth of solids comportent to the wa]l of the bowl. 
The strips, or their functional equivalent, con- 
stitute a second essential and critical feature of 
65 our invention, is being by virtue of co-action be- 
tween the smooth blades and the strips that we 
obtain improved separation. Machines equipped 
with the strips but hot having smooth blades or 
machines having smooth b]ades but not equipped 
70 with the strips, are essentia]ly ineffective When 
app]ied to the treatment of fine coal s]urries, the 
coal instead of moving toward the dischage box 
tending to remain or accumu]ate in the bow]. 
Although considered particular]y valuab]e as 
75 applied thereto, out invention is in no way lira- 



ited to tle treatment Of ine coal slurries, the 
more positive conveying action if affords giving 
markedly improved results in many other cases. 
If is believed that the operation of the sep- 
arator of Fig. 1 is probably clear from what bas 
been said. HoweVer, for sake of completeneSs of 
description if Will now be further described. 
The feed material, which wfll be assumed as 
a slurry of fine coal, enters the system under 
substantial pressure via pipe 16. On striking the 
rotating bafliè 41 if is tlïroWn into the apertured 
section 39of the rotor, the developed centrifugal 
force impelling if radially outwardly through the 
apertures. Bowl 29, if is tobe remembered, is 
rotating in the same direction as the conveyor, 
ifs rate of rotation being slightiy greater than 
that of the conveyor. 
Due to the presene of the strips 51 a layer 
of coal soon becomes anchored fo the innerwaïl 
of the bowl providing a surface which, with the 
smooth blades, precludes the slipping of the coal 
and the consequent retention thereof in the bowl 
characterizing the operation of machines hot 
equipped according to the invention. 
The smoothness of the blades preVents ad- 
herence of the fines thereto. Blades retatively 
rough compared fo the blades herein contem- 
plated are not effective even though the bowl 
be equipped with the strips, because the rough 
blades catch and hold the coal and itis not long 
before bridging ensues between blades, and the 
bowl becomes clogged. 
As the coal is conveyed to the left over the 
upper part of the sharp beach represented by 
the inner wall of section 29b of the bowl and 
over the drainage beach provided by the coal 
itself in section 29c, if becomes progressively 
drier until at the point of its discharge into the 
compartment 43 itis sufliciently dry that if will 
not ball up and discharges freely from a belt 
conveyor, not shown, normally receiving if from 
the compartment. The depth of the "pond" is 
a variable being determined, as previously in- 
dicated, by the height of the weir 45. Ordinarily 
the liquid level is maintained at a point sub- 
stantially below the point of juncture of the two 
beaches, e. g., af a point mediate the fourth and 
fifth blades counting from the right. The water 
overfiowing the weir is collected, as stated above, 
in compartment 44 and is ordinarfly withdrawn 
from the compartment by gravity fiow. 
Referring now fo Fig. 4, in which certain parts 
functionally similar fo parts shown in Fig. 1 are 
similarly numbered, the numbers, however, being 
primed, if will be noted that the bowl 52 in this 
case is cylindrical throughout its length and fur- 
ther that the strips 53 are not coextensive with 
the length of the bowl. lIoreover, the baflie 
member 54 bas the form of a disc rather than 
a cone and the blades 5 of the conveyor con- 
form in lesser degree fo the shape of the bowl, 
the ends of the blades af the left being spaced 
farther from the bowl wall. 
In operation of the separator (Fig. 4) the solids 
component builds up on the wall of the bowl 
fo the left, even though this portion of the wall 
is not stripped. This follows because of the re- 
duced diameter of the blades and the consequent 
greater spread between the ends of the blades 
and the wall. The shape of the solids layer is 
determined, of course, by the contour of the 
conveyor which will be noted as generally simflar 
fo that of the conveyor in Fig. 1. Thus, in effect, 
the solids Component of itself forms both drain- 
age beaches (sections 29b and 29c in Fig. 1), 

alttïoUgh the cOntribUtion of the g01îds discfiarEe 
weir 46.' in this comïection sh0ull n0t g6 un- 
noted. Except for this difference the sepàrator 
operate sulstantially as the separator of Figs. 
5 1-3. 
In: Figs. 5 and 6 we show 'our invention as. ap- 
plied t0 a traight c0nical bowl 59. AS in the 
case of the c0nstructiori first described, the strips 
 are coextensive With the length of the bowl 
10 and the blàdes 8 conform Substantially ith the 
shape Of the bowl. Parts in Fig. 5. fuiïctionally 
similar fo Parts in. Fig. 1 are designated by like 
numeral doubly primed. It is ConSidered tht 
the 0peration ofa separator comprising such a 
15 bowl and conveyor is obvious from the foregoing. 
If is fo be understood tha the foregoing dis 
closure is. made by way of illustration only and 
hot by way of limitation of the invention. Those 
slflled in the art wilï immediately appreciate th.a-t 
20 many changes and modifications  mày-be made 
without departure from the inVention as defihêd 
in.the.appended claires. 
We claim: 
1. In a centrifugal separator including: a 
25 tatable bowl adaptéd t0 receive a. fiuid mixture 
of fine solid particles and liquid, a solids dis- 
charge chamber af one end of the bowl, a liquid 
discharge chamber at the opposite end thereof, 
means for maintaining a predetermined depth of 
30 liquid in the bowl, ,a rotatable conveyor within 
the bowl and. coaxial therewith, said conveyor 
comprising helical blades having working surfaces 
possessing a degree of smoothness precluding sub- 
stantial adherence of the particles thereto, and 
35 means for rotating the conveyor and the bowl af 
different speeds whereby the particles are caused 
fo more toward the solids discharge chamber, the 
combination with the bowl of a plurality of spaced 
strips about the inner wall thereof serving to. 
40 anchor a layer of the particles fo said wall in the 
operation of the separator, each of said strips 
being generally disposed in a plane containing 
the ,axis of rotation of the bowl and conveyor. 
2. A centrifugal separator according to claire 1 
45 in which the height of the strips and the clear- 
ance between the strips and the tips of the blades 
surrounded thereby conform substantially fo the 
size of the coarsest of the particles. 
3. In a centrifugal separator including: a 
50 tatable bowl adapted fo receive a fiuid mixture of 
fine solid particles and liquid, a solids discharge 
chamber af one end of the bowl, a liquid discharge 
chamber at the opposite end thereof, means for 
maintaining a predetermined depth of liquid in 
55 the bowl, a rotatable conveyor coaxially supported 
within the bowl and shaped in general corre- 
spondence therewith, said conveyor comprising 
helical blades having working surfaces possessing 
a degree of smoothness precluding substantial 
60 adherence of the particles thereto, and means for 
rotating the conveyor and the bowl af different 
speeds whereby the particles are caused to, more 
toward the solids discharge chamber, the com- 
bination with the bowl of a plurality of spaced 
65 strips about the inner wall thereof serving to 
anchor a layer of the particles fo said wall in op- 
eration of the separator, these strips being gen- 
erally disposed in planes containing the uxis of 
rotation of the bowl and conveyor, the height 
70 of the strips and the clearance between the strips 
and the tips of the blades surrounded thereby 
conïorming substantially fo the size of the 
coarsest of the particles. 
4. A centrifugal separator according te claire 3 
 in which the bowl comprises a first cylindrical 
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section, a truncated cone section and a second 
cylindrical, section having a diameter substantial- 
ly less than that of tahe first cylindrical section. 
5. A centrifugal separator according to claim 3 
in which the bowl is shaped s a truncated cone. 
6. In a centrifugal separator including: a ro- 
tatable cylindrical bowl adapted to receive a fluid 
mixture of fine solid particles and liquid, a solids 
discharge chamber at one end of tahe bowl, a liquid 
discharge chmber at the oppositi end thereof, 
means for maintaining a predetermined depth 
liquid in the bowt, a rotatable conveyor within 
the bowl and coaxial therewith comprisini helical 
blades having working surfaces possessing a de- 
gree of smoothness precluding substantial ad- 
herence of the particles thereto, said blades being 
of substantially uniform diameter over a prede- 
termined length of the bowl but progressively 
creasing in diameter as they approach the solids 
discharge end of the bowl, and means for rotatini 
the conveyor and the bowl at different speeds 
whereby the particles are caused fo more toward 
the solids disclarge chamber, the combination 
with the bowl of a plurality of spaced strips about 
the inner wall thereof in the. area of the blades 
of substantially unîform diameter, these strips 

8 
being generally disposed in planes containing the 
axis about which the bowl and conveyor are ro- 
tated and servlng to mchor a layer of the par- 
ticles to said wall in operation of the separator. 
5 7. A centrifugal separator according fo claire 6 
in which the height of the strips and the clear- 
ance between the strips and the tips of the con- 
veyor blades of uniform diameter conform sub- 
stantially to the size of the coarsest of the par- 
10 ticles. 
GEOPGE A. N. 
KENNETH E. TOPPING. 
REFERENCES CITED 
15 The following references are of record in the 
file of this ptent: 
UNITED STATES PATENTS 

2O 

25 

Number 
1,064,184 
1,383,313 

Number 
632,252 
108,709 

Name Date 
Wels .............. June 10, 1913 
Landret ............. July 5, 1921 
FOREIGN PATENTS 
Country Date 
Germany ............ July 4, 1936 
Sweden ............. Oct. 5, 1943 



